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Abstract 
Objective: To evaluate the relationship between CXCL12/CXCR4 and the progress, prognosis of esophageal squamous cell 
carcinoma (ESCC), providing evidence for potential early diagnosis, clinical treatment, prognosis evaluation, and therapeutic target 
of ESCC.

Methods: Databases of PubMed, the Cochrane Library, Embase, and Web of Science were searched for the relationship 
between CXCL12/CXCR4 and clinicopathological characteristics and survival time of ESCC. Stata16.0 software was used to 
conduct meta-analysis.

Results: A total of 10 studies involving 1216 cases of patients with ESCC were included in our study. The results indicated that 
high-level expression of CXCR4 was significantly correlated with tumor differentiation [OR = 0.69, 95% confidence interval (CI): 
(0.50, 0.97)], tumor infiltration [OR = 0.39, 95% CI: (0.25, 0.61)], lymph node metastasis [OR = 0.36, 95% CI: (0.21, 0.61)], clinical 
stage [OR = 0.33, 95% CI: (0.24, 0.45)] of ESCC. The expression of CXCR4 was also significantly correlated with OS [HR = 2.00, 
95% CI: (1.63, 2.45)] and disease-free survival [HR = 1.76, 95% CI: (1.44, 2.15)] in patients of ESCC after surgical resection. No 
significant relationship was observed between the expression of CXCL12 and the clinicopathological characteristics of ESCC.

Conclusion: CXCR4 might be a potential biomarker for the progress and prognosis evaluation, and therapeutic target for 
ESCC.

Abbreviations:  95% CI = 95% confidence interval, CXCL12 = CXC chemokine-12, CXCR4 = CXC chemokine receptor-4, DFS 
= disease-free survival time, ESCC = esophageal squamous cell carcinoma, HR = hazard ratio, OR = odds ratio, OS = overall 
survival time, SCC = squamous cell carcinoma, TCGA = The Cancer Genome Atlas.
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1. Introduction
Esophagus carcinoma is a common malignant tumor of the 
digestive tract with strong invasion and poor prognosis. 
It is the 7th prevalent cancer and the 6th leading cause of  
cancer-related death in the world. There are more than 572,000 
new cases and 508,000 deaths each year.[1] The 5-year relative 
survival rate is as low as 20%.[2] There are 2 major types of 
esophageal cancer existing, squamous cell carcinoma (SCC) 
and adenocarcinoma. The esophageal squamous cell carci-
noma (ESCC) is the most common type, accounting for more 
than 90% of esophageal carcinoma.[3] The 5-year survival rate 
of ESCC is about 18%, which is tightly correlated with late 

diagnosis, aggressiveness, and a lack of effective treatment 
strategies.[4] Due to the occult onset of ESCC, there are usually 
no clinical symptoms in the early stage. Once clinical symp-
toms appear, most patients are in the middle or late clinical 
stage, and the treatment effect and prognosis are generally lim-
ited.[5] Therefore, there is a great need to elucidate the molec-
ular mechanisms and find efficient ESCC tumor biomarkers 
for the early diagnosis, progress, and prognosis evaluation of 
ESCC.

CXCL12, also known as stromal cell-derived factor-1 (SDF-
1), is a CXC chemokine. CXCL12 and its receptor participate 
in the occurrence and development of various tumors by pro-
moting proliferation, angiogenesis, invasion, and metastasis.[6] 
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CXCR4 is the major receptor of CXCL12, and it is one of the 
most widely expressed chemokine receptors in more than 23 
human cancers, including breast cancer, ovarian cancer, mel-
anoma, ESCC, and CRC. While it usually expresses low or 
absent in normal tissues.[7–9] When CXCR4 binds to CXCL12, 
the CXCL12/CXCR4 axis is activated. The downstream signal 
pathways are activated, such as PI3k-Akt, Ras/Raf, NF-kB, 
MAPK, and so on, which influence the tumor occurrence, 
progress, and prognosis. Thus, CXCL12/CXCR4 axis plays 
an important role in proliferation, metastasis, prognosis, and 
recurrence in carcinomas.

Several previous studies have found that CXCL12/CXCR4 
axis is highly expressed in ESCC, suggesting important roles 
in tumor cell proliferation, invasion, metastasis, and prognosis 
after tumor resection. CXCL12/CXCR4 might be a potential 
biomarker for the occurrence, progress, prognosis evaluation, 
and therapy of ESCC. However, due to the limitations of sam-
ple size, race of patients, and detection methods, the results of 
similar studies were inconsistent. Therefore, our study used the 
method of meta-analysis to systematically evaluate the correla-
tion between the expression of CXCL12/CXCR4 and ESCC to 
provide evidence for potential early diagnosis, clinical treat-
ment, prognosis evaluation, and therapeutic target of ESCC.

2. Materials and methods
Our meta-analysis was based on the preferred reporting items for 
systematic reviews and meta-analysis (PRISMA) guidelines.[10]

2.1. Studies retrieval strategy

PubMed, the Cochrane Library, EMBASE, and Web of Science 
were searched by 2 independent researchers (up to March 2022) 
on the relationship between CXCL12/CXCR4 and clinicopath-
ological characteristics and survival time of ESCC. The follow-
ing strategy and keywords were used: CXCL12 (Chemokine or 
SDF-1) OR CXCR4 (CXC chemokine receptor-4 or LESTR) 
AND Esophageal cancer (Esophageal tumor or Esophageal car-
cinoma or ESCC or ESCC). No limitation on country, race, and 
language was added when studies were searched.

2.2. Inclusion and exclusion criteria

The included studies must meet the following criteria: the 
studies explored the relationship between the expression of 
CXCL12/CXCR4 and clinicopathological characteristics, the 
survival time of patients in ESCC; the patients of ESCC were 
confirmed by pathological diagnosis and the clear criteria for 
the high or low expression of CXCL12/CXCR4 were provided; 
the data of clinicopathological characteristics, such as tumor 
location, tumor size, differentiation, infiltration, clinical stage, 
lymph node metastasis, HR, and 95% CI of survival time or 
Kaplan–Meier curve should be reported. The exclusion criteria 
involved: animal or cell research studies; secondary research, 
such as meta-analysis, bioinformatics analysis, review, or meet-
ing paper; the expression of CXCL12/CXCR4 was not detected 
by immunohistochemistry, or the results were not expressed in 
the form of negative or positive.

2.3. Studies screening and data extraction

A standardized data extraction form was used for data 
extraction, and 2 researchers completed data extraction, screen-
ing, and quality evaluation independently. The extracted data 
included the name of the first author, year of publication, num-
ber of cases, detection methods for the expression of CXCL12 
and CXCR4, clinicopathological characteristics, the overall sur-
vival time (OS), and disease-free survival time (DFS) of ESCC.

2.4. Variables for statistical analysis

The clinicopathological characteristics of ESCC included tumor 
size, tumor location, differentiation, infiltration, lymph node 
metastasis, clinical stages, distant metastasis, vascular invasion, 
and lymphatic infiltration. The tumor size of ESCC was grouped 
≤5 cm and >5 cm. The tumor differentiation was grouped high, 
medium, and low in the included studies, and high and medium 
were combined into one group when the pooled effect was cal-
culated. Tumor infiltration was grouped T1, T2, T3, and T4 
in the included studies, and T1 and T2 were combined into 1 
group and T3 and T4 into another group when the pooled effect 
was calculated. The clinical stage was grouped stages I, II, II, 
and IV in the included studies, and I and II were combined into 
1 group and II and IV into another group when the pooled effect 
was calculated. The tumor lymph node metastasis was grouped 
as negative and positive. The HR of overall survival time was 
collected or calculated through the Kaplan–Meier curve of sur-
vival time.

2.5. Quality assessment

Newcastle Ottawa scale was used to evaluate the risk of bias 
and included studies by 2 researchers independently.

2.6. Statistical analysis

Stata16.0 software was used to conduct meta-analysis. The 
relationship between the expression of CXCL12/CXCR4 
and the clinicopathological characteristics was expressed by 
odds ratio (OR) and corresponding 95% confidence inter-
val (CI). The relationship between the expression of CXCR4 
and OS, DFS of ESCC was expressed by hazard ratio (HR) 
and corresponding 95% CI. The statistical significance of 
OR or HR was analyzed by Z test and P value. I2 test was 
used to test the heterogeneity, when P ≤ .05, it meant signifi-
cant heterogeneity was observed among included studies, and 
random effect model was used to combine effect variables; 
When P value > .05, it meant no significant heterogeneity was 
observed among included studies, and fixed effect model was 
used to combine effect variables. Publication bias was evalu-
ated by the Egger test and Begg funnel. The reliability and sta-
bility of meta-analysis were evaluated by sensitivity analysis. 
When P value ≤ .05, it was considered to indicate a statistical 
difference.

3. Results

3.1. Characteristics of included studies

As shown in Table 1, 9 out of 10 included studies reported the 
relationship between the expression of CXCR4 and the clini-
copathological characteristics of ESCC, only 3 studies about 
CXCL12. All the 10 studies demonstrated the relationship 
between the expression of CXCR4 and the survival time of 
ESCC, but only 2 of them talked about CXCL12. The survival 
time of ESCC included overall survival (OS) and disease-free 
survival (DFS). The characteristics and quality evaluation of the 
studies are also shown in Table 1. The flow diagram is shown 
in Fig. 1.

3.2. The expression of CXCR4 in ESCC

Because none of the included studies reported the expres-
sion of CXCR4 both in ESCC and normal control, meta- 
analysis could not be conducted. The CXCR4 expressed higher 
in ESCC than that in normal tissue according to the results in 
The Cancer Genome Atlas database (http://gepia2.cancer-pku.
cn) (Fig. 2).

http://gepia2.cancer-pku.cn
http://gepia2.cancer-pku.cn
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3.3. The expression of CXCL12 and clinicopathological 
characteristics of ESCC

Only 3 studies reported the relationship between the expression 
of CXCL12 and clinicopathological characteristics. No signifi-
cant correlation was found between the expression of CXCL12 
and gender, differentiation, infiltration, lymph node metastasis, 
clinical stage, distant metastasis, vascular invasion, and lym-
phatic infiltration in ESCC patients, P > .05 (Table 2).

3.4. The expression of CXCR4 and clinicopathological 
characteristics of ESCC

Nine out of 10 included studies reported the expression of 
CXCR4 in male and female ESCC patients, the results indi-
cated that CXCR4 was significantly higher in male than that in 
female, OR = 1.58, 95% CI: (1.15, 2.15), P < .01; 7 studies indi-
cated that CXCR4 was significantly lower in ESCC with high 
differentiation than those with low differentiation, OR = 0.69, 
95% CI: (0.50, 0.97), P < .01; 9 studies showed that CXCR4 
was significantly lower in ESCC with low infiltration (T1 + T2) 
than those with high infiltration (T3 + T4), OR = 0.39, 95% 
CI: (0.25, 0.61), P < .01; 9 studies indicated that CXCR4 was 

significantly lower in ESCC without lymph node metastasis 
than with lymph node metastasis, OR = 0.36, 95% CI: (0.21, 
0.61), P < .01; 6 studies indicated that CXCR4 was significantly 
lower in ESCC with clinical stage (I + II) than that with clinical 
stage (III + IV), OR = 0.33, 95% CI: (0.24, 0.45), P < .01. No 
significant relationship was observed between the expression of 
CXCR4 and age, tumor size, distant metastasis, vascular inva-
sion, and lymphatic invasion in ESCC, P > .05 (Table 3).

3.5. The expression of CXCR4 and prognosis of ESCC

The results from 8 studies showed that the patients with lower 
CXCR4 expression of ESCC had a higher overall survival time 
than that with higher CXCR4 expression, HR = 2.01, 95% CI: 
(1.61, 2.50), P < .01 (Fig. 3); 6 of them indicated that patients 
with lower CXCR4 expression of ESCC had a higher disease- 
free survival time than that with higher CXCR4 expression, 
HR = 1.74, 95% CI: (1.40, 2.15), P < .01. (Fig. 4). The OS and 
DFS of ESCC patients with high expression of CXCR4 were sig-
nificantly shortened, and the high expression of CXCR4 might 
be an important marker of poorer prognosis of ESCC (Table 4).

3.6. Publication bias analysis and sensitivity analysis

The results of the Egger test and Begg funnel showed that there 
was no publication bias was observed in the analysis between 
the expression of CXCL12 and clinicopathological characteris-
tics of ESCC (P > .05). Slight publication bias was found in the 
analysis of the expression CXCR4 and lymph node metastasis 
in ESCC, and no significant publication bias was found in the 
analysis of CXCR4 and other variable (P > .05).

By eliminating the influence of individual studies on the 
results of meta-analysis one by one for sensitivity analysis, the 
results showed no significant changes, suggesting that the results 
of this study were stable.

4. Discussion
GTP chemokine is a member of the transmembrane chemokine 
receptor family, which can selectively promote the expression of 
GTP chemokine and its target protein. CXCL12 is a common 
CXC chemokine, which is mainly expressed in fibroblasts, endo-
thelial cells, and tumor cells,[11] participating in angiogenesis and 
inflammatory response and playing an important role in tumor 
invasion and metastasis.[12,13] CXCR4, also known as “fusin” is 
one of the most well-studied chemokine receptors due to its role 
as a co-receptor for HIV-1 entry.[14] CXCR4 is the main recep-
tor of CXCL12.[15] As a G-protein-coupled receptor (GPCR) the 
mechanism of CXCR4 receptor activation was mediated by cou-
pling to an intracellular heterotrimeric G-protein associated with 

Table 1

The characteristics and quality evaluation of the included studies.

Studies Country Case Expression of CXCL12 Expression of CXCR4 
NOS

(scores) 

Lu et al[22] China 154 – ①②③④⑤⑥⑦⑪⑫ 7
Yang et al[19] China 101 – ①②④⑤⑥⑦⑪ 7
Uchi et al[42] Japan 79 ①②④⑤⑥⑧⑨⑪ ①②④⑤⑥⑧⑨⑪ 6
Goto et al[43] Japan 172 ①②⑤⑥⑦⑧⑨⑩ ①②⑤⑥⑦⑧⑨⑩⑫ 8
Sasaki et al[44] Japan 214 ②④⑤⑥⑦⑨⑩⑫ ②④⑤⑥⑦⑨⑩⑫ 6
Kaifi et al [45] Germany 136 – ②④⑤⑥⑩⑪⑫ 6
Lu et al[21] China 127 – ①②③④⑤⑥⑦⑪⑫ 7
Zhang et al[23] China 136 – ①②④⑤⑥⑦⑪⑫ 7
Qi et al[24] China 60 – ①②③⑤⑥⑪ 7
Koishi et al[25] Japan 37 – ⑪ 6

① Age; ② gender; ③ tumor size; ④ tumor differentiation; ⑤ tumor infiltration; ⑥ lymph node metastasis; ⑦ tumor clinical stages; ⑧ distant metastasis; ⑨ vascular invasion; ⑩ lymphatic infiltration; 
⑪ OS; ⑫ DFS; –:no reported.

Figure 1. Study design and flow diagram of this study.
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the inner surface of the plasma membrane. After CXCL12 bind-
ing to CXCR4, various downstream signaling pathways were 
initiated, such as PI3K-Akt, MEK/ERK, Ras, c-Jun N-terminal 
kinase (JNK), mitogen-activated protein (MAPK), and so on, 
which regulates the invasion, angiogenesis and metastasis of 
cancer cells.[16,17] Additionally, CXCL12–CXCR4 axis also 
regulates apoptosis via Bcl-2 family members.[18] Some studies 
indicated that CXCR4 was highly expressed in ESCC,[19,20] and 
the expression level of CXCR4 was related to cell differenti-
ation,[19,21] tumor invasion,[22–24] and poor prognosis[19,22,24,25] of 
ESCC. The important feature of cancer cells is the significant 

improvement of proliferation and migration ability. Therefore, 
CXCL12/CXCR4 may be closely related to the occurrence, 
development, and prognosis and therapy of ESCC, and it has 
potential clinical application value in the early diagnosis, prog-
ress, and prognosis evaluation of ESCC.

High-level expression of CXCR4 was observed in several 
cancers and involved in tumor growth and metastasis, especially 
affecting the survival time of cancer patients. Overexpression of 
CXCR4 occurs in most breast cancer patients. A study by Xu 
et al[26] indicated that the OS and DFS in breast cancer patients 
were negatively correlated to the expression of CXCR4, with the 
HR 1.65 and 1.94, respectively. Increased CXCR4 expression 
in PCas was associated with an aggressive phenotype and poor 
patient survival rates.[27] High levels of CXCR4 were observed in 
advanced or metastatic ovarian cancers and CXCR4/CXCL12 
interactions were shown to regulate metastasis of epithelial 
ovarian cancer.[28] Such similar results were also observed in 
lung cancer, gastrointestinal cancers, renal cell carcinoma, and 
so on, which indicated that CXCR4 might be identified as a 
poor progress and prognostic biomarker of tumor.

The CXCL12/CXCR4 is also a potential target for cancer 
therapeutics, and blocking of the CXCL12/CXCR4 axis has 
shown encouraging results with respect to immunotherapy of 
glioblastoma,[29,30] ovarian cancer,[31,32] cervical cancer,[33,34] as 
well as relapsed or refractory multiple myeloma.[35,36] A number 
of small molecular inhibitors of CXCR4 have been reported to 
attenuate the growth of tumors in vivo and in vitro, such as 
WZ811,[37] Butein,[38] MSX-122,[39] Benzenesulfonamides,[40] and 
so on. The CXCL12/CXCR4 axis is believed to be a novel drug 
target for cancer therapy. However, very few studies reported 
the blockade of CXCL12/CXCR4 axis to synergize with che-
motherapy or immunotherapy for gastrointestinal cancers, espe-
cially for ESCC. We speculated that ESCC might be suppressed 
by combination therapy involving drugs targeting immunosup-
pressive CXCL12/CXCR4 axis. Future studies should be taken 
to target CXCL12–CXCR4 axis in combination with chemo-
therapy or immunotherapy to treat ESCC.

The results of our meta-analysis indicated that the expres-
sion level of CXCR4 was significantly correlated with cell 
differentiation, tumor infiltration, lymph node metastasis, 
and clinical stage of ESCC. The high-level expression of 
CXCR4 was positively correlated with low differentiation, 
deep invasion, high clinical stage, and lymph node metas-
tasis positive of ESCC, indicating that the high level of 
CXCR4 was closely related to the development of ESCC. To 
explore the status of CXCR4 in the prognosis of ESCC, we 
analyzed the expression of CXCR4, OS, and DFS of ESCC 
and results demonstrated that the patients of ESCC with 
high-level expression of CXCR4 had a lower survival rate 
both in OS and DFS than the patients with the low level 
or no expression of CXCR4, indicating that high level of 
CXCR4 showed a poorer prognosis of ESCC. However, no 
significant correlation was observed between the expression 

Figure 2. Expression analysis of CXCR4 in ESCC. The expression of CXCR4 
in ESCC based on the TCGA (cancer samples) and GTEx (normal tissues) 
databases.

Table 2

The expression of CXCL12 and clinicopathological characteristics of ESCC.

Outcome Included studies n Effect model 

Heterogeneity test Meta-analysis

I2 P OR (95% CI)  P 

Gender 3 465 Random 60.0% .08 1.31 (0.40, 4.31) .66
Differentiation 2 293 Fixed 0.0% .99 0.70 (0.35, 1.40) .31
Infiltration 3 465 Fixed 24.3% .27 1.09 (0.74, 1.62) .66
Lymph node metastasis 3 465 Random 79.0% .01 0.77 (0.31, 1.92) .57
Clinical stages 2 386 Random 84.3% .01 0.73 (0.24, 2.19) .58
Distant metastasis 2 386 Fixed 0.00% .83 0.61 (0.37, 1.01) .05
Vascular invasion 3 403 Fixed 0.00% .88 1.32 (0.86, 2.04) .21
Lymphatic infiltration 3 403 Random 61.7% .07 1.21 (0.57, 2.58) .63
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of CXCL12 and the clinicopathological characteristics of 
ESCC. Wang et al[41] also reported that silencing CXCR4 
gene expression by lentivirus shRNA inhibited the prolif-
eration of the EC9706 human esophageal carcinoma cell 
line and reduced the growth of tumor xenografts in mouse 
models. CXCR4 may be a potential biomarker in the early 
diagnosis, progress, and prognosis evaluation, therapy tar-
get of ESCC.

Although efforts had been made, there were still some 
limitations existing in our study: due to the limitation of 
published studies, only 10 studies were included in our stud-
ies explore the relationship between CXCR4 expression and 
ESCC, and 3 studies for the relationship between CXCL12 

and ESCC. The sample size was relatively small, some bias 
might exist; due to different criteria for judging the positive 
or negative of CXCR4, the cutoff value of immunohisto-
chemical results used in the included studies was not clearly 
reported, which may affect the accuracy of the results; due 
to the difference in cutoff value, follow-time, and race of 
subjects in included studies, the included studies had some 
heterogeneity; some of the included studies only reported 
the Kaplan–Meier curve of survival analysis and did not 
report detailed survival data of OS and DFS. We inferred the 
HR and 95% CI of OS and DFS through the Kaplan–Meier 
curve, which might overestimate or underestimate the real 
OS and DFS.

Table 3

The expression of CXCR4 and clinicopathological characteristics of ESCC.

Outcome Included studies n Effect model 

Heterogeneity test Meta-analysis

I2 P OR (95% CI)  P 

Age 6 750 Fixed 0.0% .58 0.95 (0.69, 1.31) .76
Gender 9 1179 Fixed 0.0% .66 1.58 (1.15, 2.15) <.01*
Tumor size 2 214 Random 73.8% .05 0.97 (0.27, 3.52) .96
Differentiation 7 947 Fixed 5.1% .39 0.69 (0.50, 0.97) <.01*
Infiltration 9 1194 Random 61.4% <.01 0.39 (0.25, 0.61) <.01*
Lymph node metastasis 9 1179 Random 72.0% <.01 0.36 (0.21, 0.61) <.01*
Clinical stages 6 904 Fixed 43.7% .11 0.33 (0.24, 0.45) <.01*
Distant metastasis 2 386 Random 68.5% .08 0.89 (0.25, 3.16) .85
Vascular invasion 3 403 Fixed 0.0% .61 0.92 (0.56, 1.52) .74
Lymphatic infiltration 4 539 Random 80.5% <.01 0.77 (0.30, 1.95) .58

*P < .05, significantly statistical difference was observed.

Figure 3. Expression analysis of CXCR4 and OS in ESCC. The patients of ESCC with high expression of CXCR4 showed a shorter overall survival time (OS).
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5. Conclusion
CXCL12/CXCR4 axis is closely related to the occurrence, 
development, and prognosis of ESCC. CXCR4 is significantly 
expressed higher in ESCC than normal tissue, suggesting serious 
progress and poor prognosis of ESCC. The CXCR4 might be a 
potential biomarker for the progress and prognosis evaluation 
and therapeutic target for ESCC. Due to the limitation of the 
sample size and quality of included studies, our conclusions still 
need to be verified by high-quality studies.
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